JOURNAL
OF CATALYSIS 61, 559-561 (1980) On the Formation of Aluminum Tungstate and Its Presence in Tungsten Oxide on Y-Alumina Catalysts Tungsten oxide (1) (2) (3) (4) (5) and molybdenum oxide (1, 2, (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) on y-alumina and sulfided catalysts derived from these systems have been studied by several authors because of their interest, as catalysts in reactions such as metathesis and hydrodesulfurization.
The purpose of this note is to determine whether bulk aluminum tungstate is present as a major compound in tungsten oxide on y-alumina catalysts of pract,ical interest. Some authors have proposed its formation (1-S), while others present data suggesting the absence of this compound (4, 5) . The same controversy exists for molybdenum oxide on y-alumina.
Since Raman spectroscopy has proven to be a valuable tool in studies on the structure of supported catalysts (1, (4) (5) (6) (15) (16) (17) ) it is applied here as the main technique.
In Fig. 1 the Raman spectra of aluminum tungstate and catalysts prepared by wet and dry impregnation of y-alumina (Ketjen 000-1.5E) with ammonium mctatungstatc (Koch-Light, 99.9y0), calcined at 823"K, arc shown. Experimental details on thr Raman spectra are reported elsewhere (4) . The spectrum of aluminum tungstate is characterized by a sharp band at 1046 cm-l. The spectra of the catalysts show a broad band at about 970 cm-', which has been attributed to a polymeric, octahedrally coordinated, tungsten compound (4) . The bands at 71j and 805 cm-'
are Raman bands of WO,. In these catalysts no aluminum tungstate is present in detectable amounts. Even the catalysts with a rather high tungsten content (4-S W-atoms/nm2) contain no aluminum tungstate. This is in contrast to y-aluminasupported molybdenum oxide in which aluminum molybdate has been found in catalysts with a coverage of 4.5-7 Moatoms/nm2 (16).
Measurements on physical mixtures of aluminum tungstate and y-alumina showed that the detection limit of aluminum tungstate in these mixtures is less than 1 wt%. Consequently one must conclude that aluminum tungstate is not a major compound in tungsten oxide on y-alumina catalysts. This conclusion was recently confirmed by temperature-programmed reduction measurements (18), which showed that, the amount of aluminum tungstatc must be considerably less than 1 wt%.
The main arguments supporting the conclusion that tungsten oxide on -y-alumina catalysts contain aluminum tungst ite are based on results obtained from Raman and luminescence spectroscopy and from activity measurements (1-S) . In our opinion, however, the purity of the refcrcncc compound used in thesr studic>s was questionable. Aluminum tungstat,e was prepared at S23"K (16 hr) from a coprecipitate of ammonium metatungstate and aluminum nitrate, while other literature data indicate that a higher temperature is to be preferred (19, 20) . We have checked the synthesis of aluminum tungstate by calcining a coprecipitate of aluminum nitrate and ammonium metatungst.ate (Baker Chemicals) at three temperatures, 823, 1173, and 1373°K. The Raman spectra are shown in Fig. 2 . From comparison with the spec-NOTES trum of tungsten oxide it is clear that the formation of aluminum tungstate is not yet completed at 823 and 1173°K. In the spectrum of the sample calcined at 823°K there is a small band due to aluminum tungstate, together with two broad bands (807 and 719 cm-l) of tungsten trioxide. In addition there is a broad band at 980 cm-', which is also present in the spectra of our catalysts. The sample calcined at 1173°K contains more aluminum tungstate, but still a considerable amount of tungsten trioxide. The system is now better defined, as can be seen from the sharpness of t,he bands of tungsten trioxide and from the disappearance of the polymeric compound. This can also be concluded from the X-ray diffraction (XRD) patterns. By XRD no crystalline tungsten trioxide is observed, implying that it is amorphous, microcrystalline, or present in nondetectable amounts. All samples show the diffraction patterns of aluminum tungstate; the increasing sharpness of the patterns indicates a. drastic increase in crystallinity when the calcination temperature is increased from 873 to 1123°K. Further increase of the temperature does not influence the crystallinity significantly. From the XRD pattern alone it, might be concluded that the transition of aluminum nitrate and ammonium metatungstate into aluminum tungstate is already complete at low temperature. The Raman spectra show that this is not the case. Also the fact that catalytic activity for metathesis was observed for a coprecipitate of aluminum nitrate and ammonium metatungstate calcined at 823°K (S) is not a firm basis for the statement that aluminum tungstate is a reasonable precursor for the active site in metathesis, because, as shown here, the calcined coprecipitate used as a catalyst, contained more than one tungsten compound.
The conclusion that aluminum tungst,ate 7. is not a major compound does not completely rule out the possibility that it is " the catalytically active phase. Especially 9, in metathesis it has been proven that t,he number of active sites is low (21, 22) . Therefore, a priori, it is always possible 10.
that the precursor of the active site is a II. compound present in amounts below the detection limit.
1.2. This not,e can be summarized by the following conclusions :
IS.
(1) The formation of significant amounts 14. of aluminum tungstate in tungsten oxide on -y-alumina catalysts of practical interest is improbable.
15
(2) The evidence reported in the litera- 
